Introduction
Prostate cancer is the most common malignancy and the second leading cause of cancer death in the Western world [1] .Over several years, ADT (Androgen Deprivation Therapy), which consists in bilateral orchiectomy (surgical castration) or administration of neurohumoral substance(s) designated LHreleasing hormone (LHRH) agonists or antagonistsalone or in combination with antiandrogenic drugs (chemical castration), has been considered the standard treatment for metastasized Pca (Prostate Cancer) [2] . Even though there is an initial favorable response this is usually of short duration and disease progresses to a stage called as mCRPC. In this situation continued testicular androgen suppression in CRPC (Castration-Resistant Prostate Cancer) is debatable [3] . However, in the absence of prospective data, the modest potential benefits of a continuing castration outweigh the minimal risk of treatment. In addition, all subsequent treatments have been studied in men with ongoing androgen suppression and therefore it should be continued indefinitely in these patients [2] .
Treatment with docetaxel was considered the gold-standard treatment for mCRPC until recently. Nowadays there are other several first-line therapies in mCRPC described above and that may be followed according to the AUA Castration Resistant Prostate Cancer Summary Flowchart ( Figure 1 ):
•Docetaxel -in patients with symptomatic disease and/or visceral metastases or mildly symptomatic or asymptomatic, with no evidence or visceral metastasis both with good performance status 0 or +1;
•Abiraterone -mildly symptomatic or asymptomatic, with no evidence or visceral metastasis, with good performance status 0 or +1;
•Enzalutamide -mildly symptomatic or asymptomatic, with no evidence or visceral metastasis, with good performance status 0 or +1;
•Sipuleucel-T -mildly symptomatic or asymptomatic, with no evidence or visceral metastasis, with good performance status 0 or +1;
•Alpharadin -in patients with performance status +2 with evidence of progressive disease;
•Monitoring and conventional anti-androgens -in patients with performance status +2 asymptomatic.
Eastern Cooperative Oncology Group Performance Status (ECOG-PS) was used to stratify patients. Generally, men with a Performance Status (PS) of 0-1 are likely to tolerate treatments and those with PS of 2 or more are less likely to benefit. However, it is important that treatment decisions are individualized and in particular, where symptoms related to disease progression are determining, PS may be appropriate to trial novel treatments in order to see if response is accompanied by an improvement in PS.
The timing of second-line treatment remains unclear in mCRPC although it is clearly advisable to start immediately in men with symptomatic metastatic disease. All patients who receive docetaxel-based chemotherapy for CRPC will progress, thus, there have been many clinical trials investigating the role of salvage chemotherapy [2] . There are several second lines therapies (depending on previous treatments): docetaxel, abiraterone, enzalutamide, cabazitaxel and alpharadin.
The poor prognosis of mCRPC and the reduced quality of life of these patients have encouraged research for more effective systemic therapies. During the last decade, there were identified new therapeutic targets and multiple drugs were developed for mCRPC. The aim of this study is to present and give some insights about how to use the main currently available therapeutic agents
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for the treatment of mCRPC, as well as new agents and molecular targets under investigation with potential benefits in OS, symptomatic relief and quality of life of these patients, thus reducing morbidity and mortality associated.
Materials and Methods
A literature search using mainly PubMed, Medline, Science Direct and Scielo was held. Articles were retrieved on November 2016 and filtered for relevance and publication type. English language articles published between years 2001 and 2016 were captured in our search. Keywords used were "prostate cancer", "chemotherapy" and "metastatic castrate resistant prostate cancer". Finally, the references of important articles on the topic were consulted for further augment the publication list quality and comprehensiveness.ClinicalTrials.gov database was also reviewed for ongoing clinical trials in the field of mCRPC.
Results and Discussion

Cytotoxic Agents
Chemotherapy of patients with CRPC is usually reserved for symptomatic patients with metastatic disease. Patients with non-metastatic CRPC may only receive a chemotherapeutic agent in the context of clinical trials [4] .
Chemotherapy can reduce serum PSA (Prostate-Specific Antigen) levels in patients with hormone-refractory prostate cancer and relieves pain in some patients, but tolerability is of concern, due to most of patients are elderly and have other medical conditions associated [5] .
Docetaxel is a clinically well-established anti-mitotic agent, which reversibly binds with high affinity for microtubules.It was the first to demonstrate improvement in the quality of life and OS in patients with mCRPC [6] .In the TAX-327 study 1 Figure 1 ) [7] . Meanwhile, estramustine was sparingly used due to its thromboembolic effects. Two recent randomized studies, CHAARTED and STAMPEDE showed benefit in the early administration of docetaxel along with ADT in men with metastatic hormone-sensitive prostate cancer (mHSPC). In the CHAARTED trial therapy with docetaxel plus ADT versus ADT alone was studied in 790 patients with mHSPC. OS was favorable in those treated with docetaxel plus ADT (57, 6 versus 40 months) [8] . Docetaxel showed higher improvement in OS if given with ADT in those patients with high volume disease (49, 2 vs. 32, 2 months) [8] . High volume disease is defined as visceral metastases or at least 4 bone lesions, one of which should be outside the spine and pelvis. The results for low volume disease have not been published yet but seem less advantageous. STAMPEDE study encompasses both patients with metastatic PCa and non-metastatic PCa [9] . In this trialSOC (Standard of Care) treatment combined with radiotherapy in patients with high-risk N0M0 disease was compared with SOC treatment combined with docetaxel. OS favored the second group (67 vs 77 months).
GETUG-AFU-15, a smaller study, didn't demonstrated any benefit in terms of OS. A combination of docetaxel with estramustine (ED, n=192) compared to androgen suppression alone (ADT, n=193) was analyzed. The results didn't showed significant benefit with respect to OS (58.9 vs 54.2 months respectively) [10] .
In summary, SWOG-9916 and TAX-327 trials are the most important randomized studies showing the benefits of docetaxel in metastatic prostate cancer.
Cabazitaxel is a semi-synthetic taxane developed to overcome the resistance to docetaxel, because of its poor affinity for P-glycoprotein (P-gp), an ATP-dependent drug efflux pump. Cancer cells that express P-gp become resistant to taxanes, and the effectiveness of docetaxel may be limited by its high substrate affinity for P-gp [11] . This agent also has an extra methyl groups which provide cabazitaxel with an uncommon capacity among chemotherapy agents, the ability to cross the blood-brain barrier, the clinical effects of which remain to be investigated [12] .
In order to assess the benefits of cabazitaxel, TROPIC study compared cabazitaxel with mitoxantrone in 755 patients previously treated with docetaxel. The primary endpoint was overall survival, which was 15.1 months in the cabazitaxel plus prednisone arm and 12.7 months in the mitoxantrone plus prednisone arm (Table 1 ) [13] .Other secondary endpoints such as progressionfree survival, safety, tumor response, time to tumor progression and PSA response rate were all improved in the cabazitaxel arm [13] . Nonetheless, despite its clinical benefits, cabazitaxel encompasses several side effects. The most serious and common side effect is neutropenia, with neutropenic fever occurring in about 8% of patients. Patients over 65 years or with poor PS are at a higher risk of developing neutropenia than younger patients and in these cases concomitant use of growth factor should be considered [14] .The degree of myelosuppression raises a question about whether a lower dose of cabazitaxel would be more appropriate. Other side effects may include diarrhea (6%) and fatigue (5%) [13] .
FIRSTANA study was designed to test cabazitaxel as first line agent and randomized 1168 patients in three groups: cabazitaxel 20 mg/m 2 (389 patients), cabazitaxel 25 mg/m 2 (388 patients) and docetaxel (391 patients)( Table 2 ) [15] . In this study cabazitaxel failed to demonstrate superiority to docetaxel in terms of OS [15] . TAXYNERGY is a randomized trial of early switch from first-line docetaxel to cabazitaxel or vice versa with Circulating Tumor Cell (CTC) biomarkers in mCRPC patients [16] .Patients changed therapy between taxanes if they did not reached a decline of PSA of more than 30% in the first 4 cycles of treatment [16] . Overall, 35 patients (55, 6%) had confirmed ≥ 50% PSA response. Patients with ≥ 50% PSA decline mean that Androgen Receptor Nuclear Localization (ARNL) in Circulating Tumor Cells (CTCs) decreased by 6,5%, while in patients without this PSA decline ARNL in CTCs increased by 6,1% (Table 2 ) [16] . The results of OS were not reached yet after a follow-up of 14 months. This trial was the first to report ARNL in CTCs as a correlative taxane activity biomarker [16] .
Hormonal agents
Although medical or surgical castration, extragonadal sites such as adrenal gland continuously maintains its androgen production [17] .
Abiraterone Acetate (AA) is an oral agent that is a key regulator of extragonadal androgen biosynthesis and potently blocks cytochrome P450c17 (CYP17) and, through this inhibition, blocks the conversion of cholesterol into testosterone and Dihydrotestosterone (DHT). By inhibiting the biochemical pathway of cholesterol and preventing adrenal insufficiency, AA should always be given along with prednisone.
The phase III COU-AA-301 trial evaluated abirateroneand prednisone (2:1) versus prednisone in 1195patients with metastatic CRPC pretreated with docetaxel. Significant differences in OS (14, 8 vs 10, 9 months) were seen, favoring targeted therapy and representing a 26% reduction in the risk of death, as well as significant improvements in radiographic progression-free survival, time to PSA progression and PSA responses (Table 1 ) [18] .
The main adverse effects grade III/IV were fatigue (8% and <1%), anemia (8% and <1%), hypokalemia (3% and <1%), hypertension (1% and 0%), and lower limbs edemas (2% and <1%), secondary to excess mineral corticoids, which improves with an addition of a mineral corticoid receptor antagonist such as eplerenone or prednisone, in order to normalize ACTH levels [18] .
Due to the benefit reached with abiraterone in the post-chemotherapy setting COU-AA-302 study was carried in chemotherapy naïve patients [19] .The phase III COU-AA-302 trial compared (1:1)abiraterone plus prednisone versus prednisone alone in asymptomatic or mildly symptomatic chemo-naïve and ketoconazole-naive metastatic CRPC patients without visceral disease and with only bone or lymphnode metastases [19] . AA showed clinical benefits and was associated with a delay in disease progression and a significant improvement in 
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overall survival at 49 months of follow-up, despite the fact that 44% of patients in the placebo arm crossed over to active abiraterone (Table 1) [19] .
Enzalutamide, previously known as MDV-3100, is a potent oral antagonist of non-steroidal ARs (Androgen Receptor) [20] . This hormonal agent possesses three mechanisms of action: blocks testosterone action by binding the AR, impairs nuclear translocation of the AR and inhibits its association with DNA [20] . Importantly, the drug maintains a strong activity as an antagonist even in patients in a castration-resistant phase, unlike other anti-androgens that only exhibit partial agonist activity before the ARs [20] . In addition to the aforementioned mechanisms, enzalutamide further avoids the transference of ARs from the cytoplasm (where they are inactive) to the core (where they act as transcriptional factors), thereby preventing the interaction between the AR and the transcriptional complex [21] . Compared with abiraterone, enzalutamide doesn't need the concomitant administration of a corticosteroid. Strinkingly, enzalutamide may be less effective if given with prednisone -this phenomenon may be due to the promiscuous activation of ARs by prednisone or direct agonism of the glucocorticoid receptor [22] .
A phase III study (AFFIRM) in patients with mCRPC pretreated with docetaxel showed a benefit in OS in patients treated with enzalutamide compared to those under placebo (18,4 vs 13,6 months), even though there was as unblinding after an interim analysis and patients on placebo were allowed to cross-over to receive enzalutamide (Table 1 ) [23] . That 4.8-month difference in OS translated in a 37% reduction in the risk of death of any cause in the enzalutamide arm. Enzalutamide was approved by the FDA and EMA in August 2012 and June 2013 for the treatment of patients with mCRPC in the post-chemotherapy setting, based on the results of the AFFIRM study ( Figure 1 ). After this achievement, another phase III study (PREVAIL) was implemented to evaluate the safety and effectiveness of enzalutamide over placebo, in chemotherapy-naïve patients [24] . The results were once again encouraging as enzalutamide reduced the risk of death by 29% and the risk of radiographic progression by 81% and this AR antagonist was approved for all patients with mCRPC (Table 1) , regardless of whether they had undergone previous chemotherapy (FDA approval in September 2014, EMA approval in December 2014 (Figure 1) ).
Despite these excellent results, many patients treated with abiraterone and enzalutamide develop resistance to these therapies and our knowledge of the pathogenesis of resistance to these agents is improving but, until now, extremely, limited [25] . According to Antonarakis et al., detection of androgenreceptor splice variant 7 messenger RNA (AR-V7) in circulating tumor cells may be associated with resistance to enzalutamide and abiraterone in patients with CRPC [26] .
Bone Targeted Agents
Bone metastases have a significant impact on men with mCRPC and are an important cause of pain and poor quality of life.
Osteoporosis related to androgen suppression is also associated with an increased risk of fractures. Until recently, zoledronic acid was the only bone targeted agent available to reduce bone pain and the number of skeletal related events and to increase bone mineral density in patients receiving long-term ADT [27, 28] .
Denosumab is a monoclonal antibody directed to human RANKL [29] . A phase III study revealed the superiority of denosumab over zoledronic acid regarding the prevention of bone events in patients with mCRPC -more time is needed for the occurrence of the first bone event when denosumab is used (20,7 vs 17,1 months) ( Table 1 ) [29] . Furthermore, unlike zoledronic acid, denosumab doesn't require dosage adjustment or monitoring of renal function. Due to the results of this and two other studies (for the treatment of breast cancer and other metastatic solid tumors), FDA and EMA approved it for the prevention of skeletal related events in patients with bone metastasis in solid tumors in November 2010 and July 2011 respectively.
Radium-223 (alpharadin) is a high energy and short-range α particles emitter radiopharmaceutical calcium that induces dsDNA rupture after uptake by bone tissue (and particularly by osteoblastic metastases). ALSYMPCA, a phase III clinical trial, tested the efficacy of alpharadincompared to placebo in patients with mCRPC and bone metastases, who had previously received docetaxel or who were not candidates for chemotherapy [30] . Alpharadin showed an increase of 30% in OS (14, 9 vs 11, 3 months) and a prolonged time to first skeletal related event with a favorable safety profile (Table 1 ) [30] . Due to the results of this study, alpharadin was approved by the FDA in May 2013 and EMA in November 2013 for the treatment of CRPC with symptomatic bone metastases in the absence of visceral metastases.
Immunotherapy: An alternative or complementary strategy is the use of immunologically active agents, which may be advantageous to allow the immune system to generate an antitumor response [31] .
Sipuleucel-T is a personalized vaccine that is derived from autologous CD54+ dendritic cells, which are removed from the blood of individuals and processed with a recombinant fusion protein composed of PAP (Prostatic Acid Phosphatase) and GM-CSF (Granulocyte Macrophage Colony Stimulating Factor) with the objective of stimulating an immune response against prostate cancer cells.
A phase III trial (IMPACT) was conducted in patients with mCRPC and the results favored the group treated with the vaccine compared to those who received placebo regarding OS (25, 8 vs 21, 7 months) ( Table 1 ) [31] . This study led to approval of this vaccine in April 2010 and in September 2013 by FDA and EMA, respectively (Figure 2 ). However, this vaccine has limitations like the cost and its complex production and for these reasons Sipuleucel-T penetrance in Europe has been scarce. ProstVac-VF is a vaccine reconstituted from two recombinant viral vectors encoding the transgenes for PSA, and three co-stimulatory molecules (B7.1, ICAM-1 and LFA-3), all together capable of motivating local immune response [32] .
ProstVac-VF is subcutaneously injected and was evaluated in PROSPECT, a phase III trial involving patients with mCRPC chemotherapy-naïve asymptomatic or mildly symptomatic [32] . Patients were randomized into three groups: ProstVac-VF versus ProstVac-VF plus subcutaneous GM-CSF versus placebo [33] . By January 2015, the study had been fully enrolled with 1.297 mCRPC patients from 15 countries and the final results are expected this year [34] .
Ipilimumab is an anti-CTLA-4 monoclonal antibody that inhibits tumor cell evasion of the host immune activity [35] . A phase III studies (CA184-043) involving patients with mCRPC who received prior chemotherapy didn't showed significant improvements regarding OS when compared with placebo [36] . Per these results this monoclonal antibody has not yet been approved for use in patients with mCRPC.
Promising New Agents
The modest efficacy of the agents already approved impulses the development of new agents that may change even more the course of the disease.
Apalutamide, previously known as ARN-509, is a pure antagonist of ARs that also prevents, similarly to enzalutamide nuclear translocation of AR and it's binding to the DNA [37] . This new signaling inhibitor may have advantages over enzalutamide since it doesn't cross the blood-brain barrier and may avoid seizures. Clinical trials are underway to assess the efficacy of apalutamide in patients with non-metastatic CRPC and mCRPC with or without upfront chemotherapy (Table  2 ) [38, 39] .
Cabozantinib (XL184) is a tyrosine kinase inhibitor that inhibits both c-Met pathway and VEGFR2. C-MET is a cell surface receptor for Hepatocyte Growth Factor (HGF) and the signaling HGF/c-MET is important in many physiological processes such as embryogenesis, organogenesis, angiogenesis, among others [40] . This signaling pathway also promotes evasion to immunity, motility and formation of metastases by structural changes in the cytoskeleton and modification of the expressed integrins [40] . There are two phase III studies in men with progressive disease after docetaxel and at least one new hormonal agent (abiraterone or enzalutamide). The first study (COMET-1), designed to evaluate the efficacy of cabozantinib with prednisone versus placebo showed favorable OS in the group treated with cabozantinib (11, 0 vs. 9,8 months), even though there were no improvements in PSA levels ( Table 2 ) [41] . The other study (COMET-2) aims to investigate the effects of cabozantinib versus mitoxantrone/prednisone (MP) at quality of life and pain control in patients with mCRPC with moderate to severe pain who were previously treated with docetaxel and abiraterone or enzalutamide [42] . The pain results rates were 15% for cabozantinib versus 17% for MP, bone scan response was 31% for cabozantinib versus 5,2% for MP. OS outcome favored the group treated with cabozantinib (9, 0 vs. 7,9 months) ( Table  2 ) [42] . Nonetheless, the primary endpoint of improving pain response was not achieved in this heavily pretreated population. The key secondary endpoints of BSR and OS showed, however, trends favoring cabozantinib arm [42] .
This new era of treatment seems to improve OS in patients with mCRPC. Nevertheless, further studies with longer follow up will unveil the costs (side effects and economical) of these approaches when compared to their clinical benefits. Still, the optimal time point to initiate or stop treatment remains uncertain [43] . Nevertheless, combination therapy, by adding synergistic hormonal, cytotoxic and bone protection, may be the future in the management of CRPC.
There are several agents approved for the treatment of mCRPC (Table 1) , while others are promising future agents (table 2) . Among the promising agents cabazitaxel, which was previously approved as second line treatment for mCRPC, showed also some beneficial results as a first line agent in the treatment of mCRPC. In figure 1 it is possible to observe the date of approval of the main drugs and for which situations these are recommended.
Conclusion
The treatment paradigm of prostate cancer is continuously evolving and increasing knowledge about the pathogenesis and heterogeneity of this disease is leading to new approaches that include both old and new agents.
Recent years brought the development of a wide a range strategies for the treatment of mCRPC. Both hormonal therapy and chemotherapy target AR signaling have been shown to corroborate the importance of the AR axis in the treatment of prostate cancer.
Currently there is a wide range of therapeutic options for mCRPC; still, there remain questions about optimal sequencing and the association of these therapies, all subjects of ongoing and future studies, even though combination may be the way in castrate resistant prostate cancer. Future biomarkers and genetic signatures might improve our abilities in selecting patients and tailored treatments.
